This paper examines worker sorting across occupations in response to the risk of death on the job. We use family structure as a proxy for willingness to trade safety for wages in order to test the proposition that workers with strong aversion to this risk sort into safer jobs. We estimate conditional logit models of occupation choice as a function of injury risk and other job attributes. Our results confirm the sorting hypothesis; within gender, single moms and dads are the most averse to risk. The effect of parenthood for those who are married is much larger for women than for men, which is consistent with the idea that mothers' contributions to raising children are less insurable than fathers' contributions. Our results also show a consistent difference in the riskiness of men=s and women=s occupations that is independent of family structure. Although we cannot say whether gender differences in occupational outcomes are driven by supply or demand factors, we estimate that differences in the risk of death across occupations explain about one-quarter of occupational gender segregation. 1
Introduction
There has been very little empirical research on the extent to which workers sort into jobs based on their willingness to trade off wages for disagreeable job characteristics. This behavior is assumed to occur in the model of compensating differentials with worker heterogeneity. Elaborating on Adam Smith's seminal observation that " [t] he wages of labor vary with the ease or hardship, the cleanliness or dirtiness, the honorableness or dishonourableness of the employment" 1 , Sherwin Rosen observed that workers will sort on the basis of their preferences: "workers choosing clean jobs have larger than average distastes for dirt".
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Testing this proposition is difficult since measuring preferences directly is not generally possible.
In this paper, we use family structure as a proxy for aversion to the risk of death to test the proposition that individuals with strong aversion to this risk choose safer jobs. The basic idea is that workers who are raising children are less willing to trade on-the-job safety for wages since their children depend on them, and this should be especially true for single parents. We also allow the effect of family structure on occupation choice to differ for men and women. Because married men with children are typically not in the role of primary caregiver, they should be more willing to trade safety for wages. Married women with children, in contrast, may be less willing to make this tradeoff since there are fewer substitutes for their contributions to childrearing.
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Differences in the risk of death across occupations may also help explain the well-known fact that women and men tend to work in different jobs (Weeden [1998] ; Wells [1998] ; King [1992] ; Beller 1 Adam Smith (1776) , The Wealth of Nations, Book I, Chapter X, Part 1. 2 Sherwin Rosen (1986) , "The Theory of Equalizing Differences," Handbook of Labor Economics, vol. I, p. 654 . 3 Case and Paxson (2001) find that investments in children's health are significantly lower for children living without their birth mothers, regardless of whether or not a stepmother is present. The same is not true for children living without birth fathers. [1982] ). Another contribution of this paper is to quantify the extent to which differences in the risk of death across jobs explain occupational gender segregation.
Our empirical approach is to estimate conditional logit models of occupation choice as a function of injury risk and other job attributes. Our hypothesis is that single moms and dads should have the highest aversion to risk of death on the job, followed by married women with children, married men with children, then people without children (men or women, single or married). We find results that generally support the sorting hypothesis; within gender, single moms and dads are the most averse to risk. The effect of parenthood for those who are married is much larger for women than for men, which is consistent with the idea that mothers' contributions to raising children are less insurable than fathers' contributions.
Our results also show a consistent difference in the riskiness of men=s and women=s occupations that is independent of family structure. The most safety-oriented group of men (single dads) have the same level of aversion to risk as the least safety-oriented group of women (married women without children). This means that gender is correlated with occupational risk in a way that is only partially explained by differences in family structure. The remaining gender difference could be due to inherent differences in men=s and women=s abilities, differences in their preferences, or discrimination by employers. Without determining the relative importance of these supply and demand-side factors, we estimate that differences in the risk of death across occupations explain about one-quarter of occupational gender segregation.
We proceed as follows. In Section 2, we present an overview of the literature on compensating differentials for risk and differences in occupation choice by gender. In Section 3, we describe the data used for our empirical analysis and present summary statistics. In Section 4, we present a model of occupation choice that allows the risk of injury to differ across occupations and allows the effect of risk to differ depending on gender and family structure. We also discuss the implications of our model for occupational segregation. In Section 5, we show the results of our empirical model of occupation choice and show how much of occupational segregation can be explained by differences in the risk of death across occupations.
Section 6 concludes.
Background
The theory of compensating differentials implies that there will be a positive relationship between wages and job risk in the market, holding all other factors equal. This situation is illustrated in figure one.
Figure one shows the indifference curves of two different individuals, Worker A and Worker B (who we can think of in this context as a single dad and a married dad, respectively) where worker utility is determined by injury risk and the wage rate. It also shows the market offer curve: that is, the wage/risk bundles offered by firms from which workers choose. The compensating differential is the positive slope of the market offer curve. Numerous studies have confirmed empirically that there is indeed a positive compensating differential for physical risk; see, for example, Viscusi (1993) and Hersch (1998) .
Figure one also illustrates workers with different willingness to trade off risk for wages sorting into different jobs. Worker A is less willing to trade off wages for risk than is worker B; worker A chooses the safer job while worker B chooses the riskier one. It is this sorting behavior that we examine in this paper.
Another implication of this sorting on the basis of aversion to risk is that if men and women have different willingness to trade off risk for wages, they will work in different occupations. Many studies have documented the fact that men and women do indeed work in different occupations. Of course, a male/female differential in risk aversion is only one of many reasons why this segregation might occur. There are two other sets of reasons why men and women might be in different occupations. The first is differences in willingness to trade wages for job characteristics other than risk. For example, training costs have been shown to affect occupation choice (Boskin 1972; Siow 1984; Robertson and Symons 1990). Polachek (1981) finds evidence that women, anticipating time spent out of the labor force to have children, rationally choose occupations with lower wage penalties for intermittent labor force participation.
Alternatively, one might think that differences in men's and women's occupations are driven by demand rather than supply factors. Labor demand factors could cause occupational gender segregation either because men and women have different skills (for example, men are stronger on average than women, and some jobs require physical strength) or because employers discriminate. The discrimination argument has been proposed by England (England 1982 , England 1985 who posits a counter-argument to Polachek focusing on the role of social and cultural factors, rather than individual choice, in determining the distribution of women across occupations. The Polachek-England debate has led to several other studies analyzing the question of whether women systematically choose jobs that will more easily accommodate childbearing. Glass and Camarigg (1992) test the hypothesis that women are in jobs that provide more "flexibility" and find that, in fact, self-reported Aflexibility@ is higher for men. Desai and Waite (1991) estimate hazard models of women=s decision to leave work during a first pregnancy and to return to work following first birth. They find that some job attributes do affect these hazards; for example, pregnant women=s job-leaving hazard is higher if they are in physically demanding jobs. They find no effect of the fraction of workers in the woman=s occupation who are female on the hazard of her return to work following birth. This result is, as they acknowledge, difficult to interpret. It is not entirely clear, based on England=s work, whether fraction female serves as a good proxy for occupations that flexibly accommodate maternity leaves; so that the Desai and Waite result may reflect the lack of correlation between percent female and flexibility or it may reflect the absence of an underlying relationship between job flexibility and women=s return-to-work decisions. Reed and Dahlquist (1994) also estimate hazard models of job leaving for men and women to determine how self-reported job attributes affect these hazards. Perhaps surprisingly, among the nonpecuniary job characteristics studied, only two significantly affected job quitting hazards, and did so differently for men and women. More positive responses to a question that asked whether the respondent's job allowed him/her to "do the things you do best" reduced quit hazards for women while a variable that reflected the quality of friendships the respondent had at work reduced quit hazards for men. general disagreement about whether these preferences are expressed in their choices of occupations. And there is no evidence on the extent to which differences in choices, which may or may not reflect preferences, translate into the observed pattern of occupational segregation by gender.
There is also disagreement in the literature on how such segregation should be measured. including Weeden (1998) , Wells (1999) , King (1992), and Beller (1982) . In our data (which we describe in more detail in Section 3), the Duncan index of dissimilarity between the occupational distributions of men and women is 0.425.
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In this paper, we hypothesize that individuals with different willingness to trade off wages for risk of 4 For a debate over different measures of segregation, see Watts 1998; Grusky and Charles 1998; Boisso et al. 1994; and Deutsch et al. 1994. 5 This estimate differs from those in the literature in two ways: first, we have calculated the Duncan index using two-digit occupation codes while most studies use three-digit. Second, our sample is restricted to young workers. The Duncan index calculated using three-digit codes without the age
death at work will choose different occupations based on their preferences. Although we cannot measure these preferences directly, we believe that marriage and the presence of children are good proxies for preferences. We also think that it is unlikely that there is discrimination on the basis of family structure. For example, if we observe single dads choosing safer jobs than married dads, there is little reason to think this is the result of discrimination. If we observe women choosing safer jobs than men, it is less straightforward to conclude that this difference is solely the result of preferences and is not at least partially due to discrimination. That is, we cannot say whether the fact that men have more dangerous jobs than women is the result of supply or of demand. We will therefore remain agnostic on the question of whether observed differences by gender are the result of choice or discrimination. Instead, we will rely on differences by family structure within gender as a test of the sorting hypothesis, and we will also document how much less overall gender segregation there would be if all jobs had the same level of physical risk without testing whether this reduction is the result of free choices or of a reduction in the scope for discrimination.
The Data
We use data from three different sources for our analysis. First, we use data on employment in different occupations by gender and family structure from the March Current Population Surveys (CPS).
Second, we use data on the fatal and non-fatal risks associated with each occupation that we construct by merging Bureau of Labor Statistics data on injuries and deaths with CPS data in a way that we describe in more detail below. Third, we use data on the occupational characteristics of each occupation other than injury risks from the Dictionary of Occupational Titles (DOT).
restriction is 0.471.
We calculate employment by occupation using the March CPS surveys from 1995 through 1998.
We use responses to March supplement questions about the longest job held in the previous calendar year prior to the survey. We restrict the sample to individuals who worked full-time full-year in the calendar year prior to the survey year and use the 2-digit Adetailed occupation recode@ (46 codes in all) of the longest job held in the previous calendar year. To avoid counting people twice, for the 1995 through 1997 surveys, we restrict our sample to rotation groups 5 through 8 while for the 1998 survey we use all rotation groups. In addition, we restrict our sample to young workers (ages greater than or equal to 25 and less than or equal to 34). Looking at young workers only minimizes the possibility that the injury and deaths risks we observe in the data from the 1990s are different from those observed by the workers in choosing their occupations.
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This gives us approximately 24,000 workers (approximately 5,000 in each year from 1995 -1997 and 9,000 in 1998).
We assign fatal and non-fatal injury risks to each occupation using data from the BLS Survey of Occupational Injuries and Illnesses and Census of Fatal Occupational Injuries. These data provide counts of injuries and fatalities at the 3-digit occupation level from 1992 to 1999; there is also information on the severity of non-fatal injuries, including the median number of days missed from work per injury within an occupation. In some cases the data are aggregated across 3-digit occupations; we aggregate all data to correspond to the 2-digit detailed occupation recodes in the CPS 7 . We use monthly CPS data to calculate hours worked over this period in each category to transform the counts into risks (the number of injuries per 100 full-time workers 8 ). We also calculated Aanticipated@ days of work lost due to nonfatal injury by multiplying the risk of nonfatal injury by the median days lost per injury within an occupation. Table 1 presents published data from the Bureau of Labor Statistics on employment, non-fatal occupational injuries, and work-related deaths for men and women from 1993 through 1998. Overall during this period, men made up 54 percent of all workers, but 92 percent of workers killed on the job. In Table 2 , we report the occupations with the highest and the lowest risk of fatal injury based on the BLS data from 1992 to 1999. In addition, the table reports the fraction of hours worked in the occupation that are worked by women (Afraction female@). The occupation with highest risk of deathis forestry and fishing, with 0.0869 deaths per 100 full-time workers, or a risk of death that is approximately 1 in 1,100 workers.
The fraction female is 4.4 percent. With the exception of ATechnicians, except health, engineering and science,@ which is 36.6 percent female, all of these occupations are almost completely male. The ten safest occupations, by contrast, which are also listed in table 2, are heavily female.
Another way to represent the association between risk and gender is to plot the fraction female in each occupation against the natural log of fatal risk, as we have done in figure 2. This figure shows the strong negative correlation between fraction female and log risk; the regression coefficient is -0.174 (p<0.001).
Of course, our models must include controls for a job's other attributes. For example, dangerous jobs might also be jobs that require physical strength. Since men are on average stronger than women, failing to control for strength requirements would bias the estimated effect of risk on occupational choice.
Other occupational characteristics are available from the DOT. The DOT is a reference manual compiled by the U.S. Department of Labor that provides information about occupations. The DOT attempts both to define occupations in a uniform way across industries and to assess the characteristics of occupations. The occupational characteristics in the DOT were not collected from a nationally representative survey of firms; little detail on sampling or response rates is available. However, they are the best data available on the characteristics of occupations. The analysis of occupational characteristics was conducted through on-site observation and interviews with employees. The DOT data were constructed by analysts assigning numerical codes to 43 job traits. We create five aggregate variables from the underlying DOT variables to describe occupational characteristics: substantive complexity, motor skills, physical demands, working conditions, and creative skills. Details on how these five variables were constructed are provided in the Appendix (Section 7). Table 3 reports the correlations between our job characteristics and our measures of fatal and non-fatal injury risks, the percent of hours worked in an occupation by unionized workers, and the fraction female at the occupation level.
In Table 4 , we report the job attributes of our CPS sample by gender, marital status, and whether or not the individual has children at home. Fifty-eight percent of our sample of young workers are men. The Average annual risk of death on the job is 0.004 for all men (or one for every 25,000 men) and 0.002 (or one for every 50,000 women). Fatal risk does not differ by family structure within gender. Nonfatal risk is higher on average for men; within gender, non-fatal risk is highest for single parents. Men are in much more physically demanding jobs than are women and are more likely to experience hot, wet or cold conditions on the job. On other dimensions measured by the other DOT variables men=s and women=s jobs do not differ systematically.
A Model of Occupation Choice
We assume a random utility model of occupation choice in which individuals choose from a variety of occupations. The utility an individual derives from a particular occupation depends upon that individual=s characteristics, the wage he or she can receive on the job, and the characteristics of the job:
where i indexes individuals and j indexes occupations. The wage an individual receives in occupation j is a function of the same (or a subset of) individual (X i ) and job (Z j ) characteristics as in equation (2): ) , (
Substituting the wage equation into equation (2), assuming a linear functional form, and adding an independently and identically distributed with type I extreme value distribution disturbance term yields:
An individual will choose among J occupations the one that yields the highest utility. An individual will choose occupation j if
Define U ij = 1 if individual i chooses occupation j and U ij = 0 otherwise. Given our assumption on the distribution of the error term, we can estimate the parameters of the random utility model by
McFadden=s conditional logit (for a description, see Maddala 1983):
Note that ß cannot be estimated because ßX i will drop out of equation (6).
The vector of parameters a reflects the weights on different job characteristics Z in determining occupation choices. We are interested in how the influence of fatal risk and other job characteristics on occupational choice differs for women and men, with and without spouses and/or children. Therefore we estimate this model separately for these groups (eight categories in all) to obtain different a vectors for each of the eight groups. Table 5 presents the evidence on the sorting hypothesis. The table contains parameter estimates from conditional logit models estimated separately for eight disaggregated categories defined by gender, marital status, and presence of children. All specifications include a full set of DOT occupational characteristics plus the fraction unionized as controls. We find that men and women who are single parents choose jobs with lower risk of death than their married or childless counterparts. Among men, those who
Results
are single parents choose jobs with lower fatal risk than married men, but married men with children do not appear to react differently to risk than do married men without children. Married women without children work in jobs with a greater risk of death than married women with children, but single mothers are in even safer jobs. These results confirm that workers sort into occupations based on their aversion to risk of death.
The coefficient on nonfatal injury risk is positive for all groups of men and women. While we might have expected this coefficient to be negative, the sign is less surprising in light of the fact that we are controlling for fatal risk and a host of other job characteristics. Moreover, this result may be due to the fact that workers are more likely to miss work when they have generous disability insurance, a feature of "good" jobs. All of the DOT control variables are statistically significant in almost all models. Interpreting these coefficients is difficult since they are, as discussed above, composite variables that capture aspects of jobs which would appeal to some individuals and not to others (e.g., does a job require motor skills).
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Although the patterns that we observe within gender are consistent with the hypothesis of worker sorting on the basis of preferences, it is also true that all women, regardless of whether they are married or have children, are in safer jobs than any group of men. The most risk-avoiding men (single dads) have the same coefficient on fatal risk as do the least risk-avoiding women (married women without children). This suggests that differences in family structure alone do not explain why women are in safer jobs than men.
Recall that differences in the distribution of men and women across occupations may be the result either of different willingness to trade off risk for wages or of discrimination.
10 Without distinguishing between these two possibilities, we would like to document how much less overall gender segregation there would be if all jobs had the same level of physical risk. In order to do this we re-estimate the conditional logit models for men and women separately, pooling all family structures (table 6) . We use the results from the pooled conditional logit models to estimate out-of-sample predictions about the fraction female in each occupation under the assumption that all jobs have the same level of risk, and compare them to the actual distribution by recalculating the Duncan index using the predicted distribution. We estimate that if all jobs had the same level of risk, the Duncan index would be 0.324; that is, only 33 percent of women would have to change jobs in order to achieve a uniform distribution of women and men across occupations. Recall that in the actual data, this fraction is 42.5 percent. This leads us to conclude that differences in the risk of death or injury across jobs explain roughly one-quarter of occupational gender segregation, although as we have discussed we cannot identify whether risk affects segregation through choice or through discrimination.
Conclusion
Our results support the hypothesis that workers who are most willing to trade risk for wages choose jobs with higher levels of risk: within gender, single moms and dads are the most averse to risk. The effect of children for those who are married is much larger for women than for men, which is consistent with the sorting hypothesis under the assumption that that mothers= contributions to raising children are more difficult to replace than fathers' contributions. We believe that family structure is a good proxy for worker preferences. It seems unlikely to us that employers discriminate within gender on the basis of marital status or parenthood. Therefore, we conclude that these results offer strong empirical support for the hypothesis that workers sort into jobs on the basis of their preferences.
Our results also show that risk of death on the job is an important reason why men and women are in different occupations. We cannot say whether the reason risk affects men and women differently is due to supply or demand factors. We can, however, estimate the size of the effect: we find that differences in physical risk across occupations explain about one-quarter of occupational gender segregation.
physical strength.
Appendix
We create five occupational characteristics (substantive complexity, motor skills, physical demands, working conditions, and creative skills) from the Dictionary of Occupational Titles (DOT) in the following manner. We use the data set created by England and Kilbourne (1988) To determine how to group the disaggregated occupation traits, we conducted a factor analysis of the disaggregated worker traits and worker functions by using the above data for 503 census occupational categories. Five factors emerged which we label substantive complexity, motor skills, physical demands, working conditions, and creative skills. The first four factors correspond to the factors found the by authors of Work, Jobs and Occupations: A Critical Review of the Dictionary of Occupational Titles (Miller et al. 1980) . The results of this analysis are presented in tables A1 and A2.
Next we chose for each factor that set of items that loaded strongly on the factor and only weakly or not at all on all other factors. The rule used was that items should be loaded at least 0.4 on the primary factor and less than 0.3 on the remaining factors. Items chosen in this way were then standardized and summed to form each scale.
We then calculate the factor scores for each aggregated occupation used in our analysis by calculating the weighted mean of that factor for detailed occupations in that aggregated occupation, weighting by the yearly hours worked in each detailed occupation. We standardize each of these variables (so that the mean of the attribute in the sample of workers is 0 and the variance is 1) to yield a set of occupational attributes that can be merged to the data on occupation-level risks and then to individual-level data on occupation choice from the March CPSs. 
